, basidiobolomycosis (48 cases, 18%), and conidiobolomycosis (14 cases, 5%) were diagnosed morphologically from 266 horses with phycomycosis. All lesions were cutaneous ulcerative granulomas and three horses with pythiosis had metastatic lesions in regional lymph nodes. Lesions of pythiosis contained characteristic yellow, coral-like coagula and had a fibrotic surface containing sinus tract openings. Basidiobolomycosis was characterized by infrequent small yellow coagula and a yellow line of fungal invasion beneath an edematous surface. Lesions of conidiobolomycosis had numerous small coagula and a nasal location. There were minor differences in inflammatory cell populations within the granulomatous lesions. Most differences were associated with coagula size and fungal morphology. Coagula were composed of collagen, fibrin, cellular debris, degranulated and whole eosinophils and hyphae. Histochemistry revealed no major differences among the three diseases. Pythium sp hyphae were 2.6 to 6.4 pm in diameter, had thick walls, and occasionally were septate. Basidiobolus haptosporus hyphae were 5.1 to 20.5 pm in diameter, had thin walls, and commonly were septate. Conidiobolus coronatus hyphae were 5.1 to 12.8 pm in diameter, had thin walls, and commonly were septate. A perihyphal eosinophilic cuff (Splendore-Hoeppli phenomenon) with a radius of up to 20 pm was associated with the latter two fungi. Ultrastructurally, Pythium sp was composed of a thick, single density cell wall while B. haptosporus and C. coronatus had thin, double-layered cell walls.
Equine cutaneous phycomycosis is a group of diseases caused by Pythium sp (Hyphomyces destruens), Class Oomycetes, Kingdom Protista, Basidiobolus haptosporus, Class Zygomycetes, Kingdom Fungi, and Conidiobolus coronatus (Entomophthora coronata), Class Zygomycetes, Kingdom Fungi.17* I s Pythiosis usually appears clinically as a single, large, roughly circular, ulcerated granuloma of the limbs, ventral abdomen, or head. It was described earlier this century as "leeches" in the U.S.A., hyphomycosis in Indonesia, and swamp cancer in Australia." In 1961 the causative organism was cultured in the U.S.A.,4 thereby confirming the early Indonesian reports of a fungal etiology. I I From 196 1 the organism was known as H. destruens and has been described in several countries including the U.S.A., Australia, Brazil, Colombia, and possibly Japan. In 1974 asexual reproduction was induced in New Guinea strains of the organism which allowed reclassification into the genus Pythium.' Reports from Japan and Australia since have confirmed this classification. One Japanese isolate has been identified as Pythium gracile14 but the specific nomenclature of numerous Australian strains of the organism still is uncertain. I 7. "
Basidiobolomycosis is similar to pythiosis in the clinical appearance of lesions. 16 The fungus B. ranarum first was isolated from a horse in Indone~ia'~ and later B. haptosporus was isolated from horses in A~stra1ia.l~ It now is believed that all pathogenic isolates of Basidiobolus spp in mammals are B. haptosporus. 15 Conidiobolomycosis occurs almost exclusively in the nasal region and appears clinically as single or multiple firm, usually ulcerated, nodules and granulomas. C. coronatus first was isolated from horses in the U.S.A.,' and subsequently has been described in the U.S.A., Australia, Brazil, India, and Colombia.18 In all three diseases small, irregular, yellow, necrotic coagula called "leeches" or "kunkers" are present in various locations within the lesions. These coagula are accumulations of hyphae and necrotic inflammatory cells.
Aspects of the pathology of each disease have been reported by numerous workers, but few have commented on comparative aspects of each infection. Recently the clinical signs and epidemiology of 266 horses with phycomycosis have been reported from Australia"; this paper describes the lesions of those horses.
Materials and Methods
Between 1977 and 1980, 38, six and two horses with pythiosis, basidiobolomycosis, and conidiobolomycosis, respectively, were examined clinically and histologically. Fresh tissues from each horse were evaluated both grossly and by the mycological procedures of potassium hydroxide digestion and culture.I7 In 1980 a retrospective study of 220 specimens held by various diagnostic laboratories in northern Australia was made. By combining these two studies, 204 horses with pythiosis, 48 horses with basidiobolomycosis, and 14 horses with conidiobolomycosis were diagnosed by histology and location of lesion. Location of lesion was important in distinguishing basidiobolomycosis from conidiobolomycosis since the latter disease occurs only in the nasal region and pharynx."
All fresh tissues and some formalin-fixed tissues were examined grossly by serial slicing. Regional lymph nodes from 15 horses also were sectioned. Routine histology with hematoxylin and eosin (HE) and Gomori's methenamine silver was done on all sections.
Measurements of coagula diameter and size of organisms were made on both HE-and Gomori's methenamine silverstained sections. Diameter of hyphae was determined by 20 observations in each of 20 horses with pythiosis and basidiobolomycosis and 40 observations in each of three horses with conidiobolomycosis.
Subjective assessment of the amount of collagen in individual coagula, amount of edema and fibrosis in connective tissue, and the relative densities of eosinophils, neutrophils, giant cells, lymphocytes, plasma cells, and mast cells in the connective and pericoagula tissues was made and given a score of 0 (none present) to 3 (very common).
The following histochemical procedures were used to examine the general staining reaction of tissue, and in particular, of the eosinophilic material around all three organisms: autofluorescence, Alcian blue-methyl green-pyronine, Congo red, Dominici, Fouchet, Gram-Twort, hemalum-phloxinetartrazine, hematoxylin and eosin, Luxol fast blue, martiusscarlet-blue, periodic acid-Schiff (PAS), Perls' Prussian blue, phosphotungstic acid-hematoxylin, picro-Gomori, Schmorl's, Shorr, Gomori's methenamine silver, toluidine blue, and Ziehl-Neelsen. A total of five horses with pythiosis (abdomen, 1; hind limb, 3; face, 1) three horses with basidiobolomycosis (chest, 2; abdomen, l), and two horses with conidiobolomycosis (nose) were examined with all stains.
For electron microscopy, tissue from one horse with each type of infection was prefixed in formalin, washed in cacodylic buffer, and fixed in 1% chrome osmium. All tissues were dehydrated in ethyl alcohol and embedded in a mixture of epon and araldite. After cutting, sections were stained with uranyl acetate and lead citrate.
Results

Pythiosis:
The 38 lesions examined grossly contained randomly distributed, numerous, large, yellow, irregularly branching coagula either free within sinuses or firmly attached to the surrounding tissue ( fig. 1 ). Thick sanguinous mucopurulent material filled the sinus tracts and surrounded free coagula. Coagula were most numerous several millimeters below the surface at the junction of ulcerated surface and normal epidermis. Deeper coagula usually were attached firmly to connective tissue.
The most obvious gross feature of all six lesions of basidiobolomycosis was the variable depth of superficial edematous tissue that terminated 1 to 3 mm deeper into a distinct, discontinuous wave-like band of yellowish material resembling the coagula ( fig. 2 ). Small, spherical to oblong, rarely branching coagula occasionally were found in the superficial layer. Tissue below the yellow band was fibrotic and infections appeared to be limited by the underlying muscle layer.
The two lesions of conidiobolomycosis examined were ulcerated, confluent nodules with a narrow superficial edematous zone. Numerous, regular, rarely branching coagula were found throughout the lesions and, as in basidiobolomycosis, sinuses were not a feature of the disease.
Regional lymph nodes from 15 horses examined at necropsy were enlarged variably and edematous. Coagula of various sizes were seen in focal areas of the cortex of the superficial or deep inguinal nodes of three of ten horses with pythiosis but no nodal invasion was noted in three horses with basidiobolomycosis or two with conidiobolomycosis.
Histologically, emphasis was placed on the coagula, the area immediately surrounding the coagula, the intervening connective tissue, and hyphae. The comparison among the three diseases is shown in table I.
The coagula in pythiosis varied widely in size and were roughly circular in cross-section. They had a mixed structure including a framework of hyphae, collagen, arterioles and inflammatory cells, particularly eosinophils (figs. 3,4). In the center of the coagula the eosinophils were degenerated. Towards the periphery, granules became more distinct from the amorphous background, and at the edge, intact eosinophils were common. The amount of collagen varied. In coagula with a high collagen content, hyphae were scattered randomly throughout while in coagula with a low collagen content, hyphae congregated adjacent to and throughout the small bundles of collagen ( fig. 5 ). In other coagula no collagen was present and hyphae were common at the periphery. Capillaries, arterioles, and small arteries were found in direct proportion to the amount of collagen present. Moderately sized arteries with walls infiltrated by hyphae also were seen occasionally in the center of coagula. The area immediately surrounding most coagula was comprised of a thick inflammatory exudate of neutrophils and eosinophils ( fig. 3) . Occasional coagula which had undergone some degeneration were surrounded by giant cells, eosinophils, and macrophages.
The area between coagula was characterized by gran-ulomatous and granulocytic inflammation. Epithelioid cells were most common but smaller macrophages and occasional foreign body giant cells also were found. Lymphocytes and plasma cells were scattered irregularly throughout. Capillaries, arterioles, and venules frequently were dispersed throughout this granulation tissue. In most horses, endothelial hyperplasia was encountered. A marked inflammatory component of eosinophils, mast cells and occasional neutrophils also was present. Eosinophils were extremely common and usually were found with granules intact except in areas adjacent to coagula. Mast cells were common and scattered randomly throughout the granuloma. In older lesions, fibrosis was marked and the numbers of all inflammatory cells were reduced. The appearance of the organism was characteristic. In HE-stained slides, transversely sectioned hyphae appeared as clear hollow spaces with refractile walls. When hyphae were cut longitudinally few internal structures were observed. Branching, if present, was at right angles and septa which were slightly thinner than the relatively thick cell wall occasionally were present. The diameters of the hyphae were fairly uniform in tissue sections (figs. 4, 5) .
Other histological features of pythiosis included superficial ulceration, vascular changes, and edema. Vascular changes included occasional thrombosis of larger vessels and, in the walls of arteries, intimal proliferation, degeneration or hyalinization of the muscular component, hypertrophy, edema, and separation of cells. Edema was restricted to the superficial 1 to 2 mm of the lesion and along sinus tracts. Hemorrhage often was associated with edema, especially around sinuses.
Basidiobolomycosis: Coagula varied in number, size, and shape and were approximately round in cross section. In some instances none were present. Their structure differed slightly from that of pythiosis. The fungal network was much less extensive but degenerative and intact eosinophils were found in similar proportions. A major difference was the small amount or absence of collagen in most coagula. A useful distinguishing feature was the accumulation of eosinophilic material 2.5 to 25 pm in thickness (approximate mean 12 pm) around single hyphae ( fig. 6 ). A narrow zone of neutrophils, one to ten cells thick, usually surrounded the perihyphal eosinophilic sleeves. Around larger coagula, neutrophils were observed rarely-their place was taken by eosinophils. The granulomatous reaction differed slightly from pythiosis. Epithelioid cells were common and giant cells were more numerous. The connective tissue was more edematous than in pythiosis and contained more eosinophils, neutrophils, lymphocytes, and plasma cells. Mast cell densities and vascular changes were similar in each condition. Superficial necrosis with associated inflammation also was present in all horses.
The hyphae of B. haptosporus were broad and varied widely in diameter. Branching was uncommon and septa the same size as the thin hyphal walls frequently were seen. In HE-stained sections, basophilic granular protoplasm commonly was found internally. of basidiobolomycosis. Single hyphae also were cuffed by eosinophilic sleeves 5 to 10 pm wide and relatively free of nuclear remnants. Bands of neutrophils more than 50 cells thick surrounded large coagula, while around single hyphae, five to ten rows of neutrophils were seen. Eosinophils also were present in this peripheral zone. Throughout the granuloma, numerous eosinophils and neutrophils were found, but the most striking change was the infiltration of numerous plasma cells. The nasal epithelium was ulcerated in some areas and very acanthotic at the periphery.
Conidiobolomycosis: Large coagula resembled those
C. curunatus varied moderately in diameter. Branch-ing was uncommon, hyphal walls were slightly thicker, and septa were not as frequent as in B. haptospurus.
Numerous basophilic granules also were found within the hyphae.
Bacteria were frequent contaminants of most lesions. In addition to superficial contamination associated with ulceration, colonies often were found within and on the surface of deep coagula and in adjacent tissue. One horse with pythiosis (0.5%) and two horses with basidiobolomycosis (4.2%) were contaminated by helminth larvae resembling Habrunema or Draschia spp.
Most evoked only a light inflammatory response in the form of a narrow zone of eosinophilic material around the worm. Others of apparently longer sojourn were associated with an inflammatory response identical to that of cutaneous habronemiasis.
The coagula of all three diseases stained intensely with some histochemical methods such as Dominici (pink), HE (eosinophilic), Luxol fast blue (blue), martius scarlet blue (red), phosphotungstic acid-hematoxylin (blue and red) and picro-Gomori (orange). The coagula were Gram neutral, non-metachromatic and non-acid fast and did not contain iron nor amyloid. In addition the granules of intact and disintegrating eosinophils stained in a similar manner. Hyphae were not stained by any technique other than PAS and Gomori's methenamine silver-Gomori's methenamine silver was superior. Some methods, for example Luxol fast blue and martius-scarlet-blue, stained the perihyphal material of B. haptosporus and C. coronatus very deeply, thus sharply contrasting the clear, large spaces of fungi in cross section.
Ultrastructurally, Pythium sp had a relatively thick electron dense wall of one distinct layer ( fig. 7) . In some preparations, nodular irregularities of the cell wall were observed and these were attributed to degenerative changes. The material surrounding the hyphae was composed of cell debris of unrecognizable origin and collagen fibrils. In areas capillaries lined by viable endothelial cells were noted.
B. haptosporus and C. coronatus were indistinguishable by electron microscopy. The hyphal wall of each clearly was composed of two distinct layers with the inner layer being more granular and electron lucent. A thin plasma membrane which usually was separated from the inner layer was noted frequently. Surrounding the hyphae were collagen fibrils, degenerating cellular organelles, and necrotic cells ( fig. 8 ).
Discussion
In comparing these three diseases it must be remembered that the causative organisms are separated relatively widely taxonomically, and probably physiologically. Pythium sp is classified in the Order Peronosporales, Class Oomycetes, Kingdom Protista, and currently is not regarded as a fungus. On the other hand, B.
haptosporus and C. coronatus both are placed in the Order Entomophthorales, Class Zygomycetes, Kingdom Fungi8 An obvious physiological difference is the composition of the cell wall; Pythium sp is composed of glucose with traces of mannose, rhamnose, and the glucan cellulose" and the true fungi have large amounts of chitin-chitosan, chitin-B-glucan, mannan-B-glucan, chitin-mannan, or galactosamine-galactose polymers.* It is possible that the differences seen grossly and histologically are reflections of the host's response to differences in cell wall composition and metabolic products between the organisms.
Distinct differences of pathognomonic value between the causative organisms of equine phycomycosis were seen in histological section as well as observed clinically and grossly. The location of lesions, type of gross tissue reaction, and shape and size of coagula were useful for macroscopic diagnosis of each condition. Lesions of pythiosis were fibrogranulomatous-even in early (i.e., small) lesions. In contrast, lesions of basidiobolomycosis obviously were edematous in the superficial layer.
Lesions caused by C. coronatus were not markedly edematous.
The gross morphology of the coagula provided a convenient basis for differential diagnosis. Those found in pythiosis have been described accurately as corallike, I 3 and were larger than those in basidiobolomycosis and conidiobolomycosis. A distinctive finding in all horses with basidiobolomycosis was a band of coagulalike material along the junction between the superficial edematous tissue and deeper fibrogranulation tissue. This band, when viewed histologically, is formed by eosinophils and fungal hyphae and represents the limit of fungal penetration." A further gross finding at necropsy was metastatic invasion of the regional lymph nodes in three of ten horses with advanced pythiosis. The reason why all metastases occurred from lesions of the hind limbs is not known. Metastases have been reported infrequently to occur via lymphatics to additional sites on the skin, regional lymph nodes, and the Histologically, the diseases were very similar. The most prominent inflammatory change was the intense tissue eosinophilia concentrated in focal areas represented by the coagula. The role of the eosinophil in equine phycomycosis only can be postulated until further studies are done. Eosinophils are attracted to tissue sites by various chemical compounds including metabolic products on the surface of invading parasites and products of various types of immunological reactions.' Whatever the stimulus for attraction, the cells arrive at the tissue site to undertake a variety of functions which include phagocytosis of immune complexes, reduction of the anaphylactic response and damage to the parasite.'. lo The eosinophil in equine phycomycosis may undertake all of the above functions.
Several important changes were observed in the appearance of coagula of pythiosis. Coagula obviously reflected a concentration of eosinophils around hyphae. As individual lesions aged, coagula became numerous or large. Those in apparently early lesions contained some collagen which disappeared as the lesions matured.I3 In many lesions of the present series, collagen and hyphae were found in close intimate contact and it may be that hyphae use this collagen as a metabolic substrate. In older coagula, where no collagen exists, the growth rate of the organism presumably slows and sequestration of the coagula becomes obvious. In these sequestered coagula the hyphae are most common at the periphery, presumably in search of nutrients. The occurrence of blood vessels within coagula apparently occurs in two situations. In most coagula, small, usually degenerate arterioles and venules are incorporated by the concentric growth of the coagula. In other lesions, as described histologically' 320 or macroscopically,4 invasion by hyphae occurs in the walls of larger vesselsespecially arteries in the center of the coagula. It has been suggested that this is a predilection site for the organism." A reason for this may be that the organism is metabolizing the collagen in the vessel wall. Acute necrotizing vasculitis and thrombosis, as seen in infections by some mucoraceous fungi and Aspergillus spp was not a feature of pythiosis.
Coagula in pythiosis are larger than those of basidiobolomycosis and conidiobolomycosis, possibly because they contain more hyphal elements which collectively excite a larger (by volume) eosinophilic inflammatory response. Another feature which may encourage the development of larger coagula is the peripheral arrangement of the hyphae-a feature not observed in basidiobolomycosis or conidiobolomycosis. Large coagula of the latter diseases only are formed when several hyphae are in close approximation. In these diseases, most of the hyphae in tissue sections are seen as single elements surrounded by an eosinophilic cuff referred to as the Splendore-Hoeppli phenomenon.22.24.25 The composition of this cuff has not been examined previously in the horse but it has been studied in human basidiobolomycosis and conidiobolomycosis. In the human diseases, this eosinophilic precipitate contains variable amounts of phospholipids, acid and neutral lipids, lipofuscin, diastase resistant PAS-positive and phosphotungstic acid-hematoxylin-positive material and traces of disulfide and sulfydryl groups,24 fibrin' or lipofuscin, phospholipid, neutral mucopolysaccharides and fibrin.' A point of interest not mentioned in the histochemistry of the human diseases but strikingly obvious in the present equine series is the similarity in staining between the precipitate and the granules of eosinophils.
Ultrastructural studies of human cases have shown that the precipitate is composed of cytoplasmic and nuclear cell debris derived mainly from eosinophils but also from plasma cells, macrophages, and lyrnph~cytes.~' Similar material was found in the present series. The majority of human pathologists agree that the precipitate represents an antigen-antibody immune complex even though specific gamma-globulin may be present3 or absent.' The morphology of the entomophthoraceous fungi in the present series were similar to previous human l4
The ultrastructure of the causative organisms of equine phycomycosis has not been reported previously. Morphologic differences between Pythium sp and the entomophthoraceous fungi, such as differences in diameter of hyphae and thickness of hyphal wall, were obvious and corresponded to the changes seen by light microscopy. The appearance of the entomophthoraceous fungi was similar to previously reported human cases.25 Unfortunately, degenerative changes precluded a detailed study of the perihyphal material, so its exact origin could not be determined.
